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Introduction

The speed of response and high granularity of scintillating fibers make
them an ideal choice for a high-resolution charged particle tracking system,
which provides fast first-level triggers and can operate at the highest lu-
minosities the Superconducting Super Collider (SSC) or the Large Hadron
Collider (LHC) are capable of producing. A group of institutions, the Fiber
Tracking Group (FTG) [1], have been developing scintillating fiber tracking
technologies [2].

The response time of a scintillating fiber can be as fast as 5-10 ns de-
pending on the doping dye. A practical diameter of a fiber used in a charged
particle applications can range from 250um to 1 mm. Such granularity pro-
vides excellent two track separation and can yield measuring resolution for
high momentum tracks limited only by the position accuracy of the fibers.

Until recently, applications of the scintillating fibers to the problem of
tracking charged particles has been hampered by the lack of a photon trans-
ducer with high quantum efficiency in the wave length region of maximum
transmission for polystyrene ~550 nm. This has now changed dramatically
with the invention and development of solid state photon counters by Rock-
well International Science Center [3]. These devices called Visible Light Pho-
ton Counters (VLPC’s) have measured quantum efficiencies as high as 85%.
The devices are fast, with intrinsic rise times of a few nanoseconds, and can
operate at rates as high as 107 photons/ sec. Using VLPC'’s as a transducer,
it will be shown in a small scale test, that fiber tracking is a very viable
option for charged particle tracking.

Experimental Arrangement

Four scintillating fiber ribbons were stacked and placed in a rectangular
black plastic channel. Each ribbon is composed of 8 scintillating fibers which
are held together with white reflective acrylic coating. The 4 central fibers
on each ribbon are used to make a 16 channel array. The scintillating fibers,
0.83 mm thick, are made of polystyrene doped with 1000 ppm 3HF, and
are connected to the same diameter non-scintillating clear fibers using small
acrylic blocks. The scintillating fiber ribbons are 4 meters, the clear fibers are
3 meters in length. Fig.1 shows this experimental arrangement. The acrylic
blocks are precisely drilled to the fiber diameter and held together precisely
using pins and screws. The fibers are glued with epoxy to the acrylic block
and their ends are polished to make good optical joints. A thin layer of optical
grease is used between the blocks to improve the optical transmission. At
the other end of the fiber array the fibers are placed into the same type of



acrylic block and glued into place. The fibers are then polished and coupled
directly to a mirror which will reflect back light which would otherwise be
lost out of the end of the fibers. The fiber geometry is shown in Fig. 2.

The precise. fiber geometry was determined by recording many cosmic
ray tracks. By triggering on fibers in layers 1 and 4, and searching for the hit
fiber or fibers in layers 2 and 3, the geometric alignment between the fibers
was determined. This was done for all combinations of the fibers in layers 1
and 4.

The cosmic ray trigger consisted of a plastic scintillator telescope of 0.7
cm by 10 cm size placed above the fiber array. The width of the telescope was
chosen to be wider then the four central fibers so that there was no geometric
limitation in the trigger. To ensure that the cosmic rays used for the test
were minimum ionizing, a 10 cm thick lead brick and a third scintillator
were placed below the fiber array. The experiment was performed with and
without the brick in place.

A single bias voltage of 6.3 volts was used for the two 8 channel VLPC
arrays. The signal from each VLPC element was amplified by a FET input
transconductance amplifier (AD3554-AM) which has a rise time of 70 ns.
Each amplifier was operated at the same bias voltage, resulting in a gain
uniformity of 5% for all 16 channels. This gain uniformity can greatly simplify
operation of these devices in large systems.The VLPC’s were operating with
a gain around 3x10? . The operating temperature of the VLPC’s was 6.5 K.
The amplifiers were readout using Le Croy 1885F FASTBUS ADC’s. The
ADC’s have dual dynamic ranges with two slopes. This wide dynamic range
is needed in order to measure charge up to 1000 pC.

Experimental Results

Due to the low cosmic ray event rate, the ADC calibration was achieved
by irradiating the fiber array with 1 MeV gamma rays from a $°Co source
and triggering on the light from the Compton electron produced inside an
individual fiber. The source was held at the end of the 7 meter fiber array.
Fig.3 shows the pulse height spectrum obtained. The caiibration between
the number of photoelectrons and charge in picocoulombs was obtained from
this spectra and is plotted in Fig 4. In the fit the first photoelectron peak
was not used because the signal threshold imposed excluded the lower tail of
this peak. The threshold cut was necessary to reduce the single photoelec-
tron peak that is mainly produced by the thermal electron background in
this self triggering calibration mode of operation. The calibration was per-
formed for each and every channel of the second and third fiber ribbon layers.



Fig. 5 shows the corresponding charge in picocoulomb per photoelectron for
each fiber channel in these layers. The variations are mainly due to gain
variations of the transconductance amplifiers. The average value of 33pC
per photoelectron was taken to be the electronic gain for the tests presented

below.

The plastic scintillator telescope indicated in Fig.1 was kept at four
different positions along the fiber array to trigger on cosmic rays starting
from the end of the fibers. Several thousand events were accumulated at each
position of the telescope. A large fraction of the tracks did not go through
the 4 central fibers of the ribbons due to the fact that the width of the
telescope is about twice as wide as the width of the four fibers. Fig.6 shows
the photoelectron histogram produced by cosmic rays from the fibers in layer
3 when layers 1 and 2 were triggered at a distance of 6.5 m from the VLPC.
As seen in the figure the weighted average number of photoelectrons is 6.2.
All events above 0.5 photoelectrons were accepted in the distribution. The
histogram distribution seen in Fig. 6 was the same within 0.1 photoelectrons
when the telescope above the fiber array was in triple coincidence with the
scintillator below the 10 cm thick lead brick. The inefficiency seen in the
histogram distribution is mainly due to geometric arrangement of the fiber
ribbons as shown in Fig. 2. Some of the cosmic ray tracks miss layer 3 due
to the staggering of the layers.

Fig.7 shows the average number of photoelectrons obtained from layers
2 and 3 at four different positions of the scintillator telescope. It also shows
one data point when the mirror was removed from the end of the fibers.

The tracking efficiency of the second and third fiber layers, for minimum
ionizing tracks, was obtained by triggering on the two middle fibers in layers
1 and 4 while counting the hits in the second and third layers. Fig. 10 shows
the efficiency of the second and third layers as a function of trigger threshold
in the first and fourth layers. It shows that the efficiency is flat between one
and three photoelectron threshold cuts. About 95 % efficiency was obtained
by counting the hits in layer 2 and layer 3. About 98.7 % efficiency was
found by counting hits in either layer 2 or layer 3. The small inefficiency
is mainly due to geometric effects produced by tracks passing through the
non-scintillating fiber cladding. This 15 micron thick cladding produces an
effective gap in tracking.

Some typical cosmic ray tracks are shown in Fig. 8. The tracks are
seen to be very clean without inter-fiber cross-talk. Fig.9 shows some exotic
tracks selected by computer. There is evidence for delta ray production, as



indicated by the excessive number of photoelectrons either within the hit
fiber or an adjacent fiber.

Also, excellent time resolution is obtained. The time response of the
VLPC has been. tested using a fast transconductance preamplifier [4](The
VTX preamplifiers used by CDF collaboration). Fig. 11 shows single electron
pulses obtained from a VLPC using this preamplifier. The rise time is on
the order of 5 ns, consistent with the 5 ns preamplifier rise time, indicating
that a faster rise time may be obtainable, as the signals shown are limited

by the preamplifier response.

Conclusion

Scintillating fibers and VLPC’s can provide efficient tracking and ex-
cellent time resolution for minimum ionizing particles using long lengths of
fibers. These promising results clearly indicate that this technique can play
an important role in high energy physics experiments which are characterized
by high particle multiplicity and require fast timing.
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Figure Captions
Figure. 1
Experimental arrangement for the cosmic ray tests.

Figure. 2

Arrangement of the fiber ribbon matrix. The numbered fibers in each
ribbon were used for the tests. The geometry was determined by using
charged cosmic ray tracks, trigger on fibers in the first and the fourth layers
and determining the hit fibers in the second and third layers.

Figure. 3

Charge calibration using a 8°Co source. The photoelectron peaks were
produced by detecting the photons produced by Compton electrons from
the 1 MeV gamma rays. The peaks clearly identify the number of multiple
photoelectons detected by one of the VLPC’s. This excellent pulse height
resolution shows the power of the VLPC’s in counting as few as one photon.
We also see the pedestal noise peak.

Figure. 4

The number of photoelectrons versus the charge in picocoulombs. This
was determined for all fibers in the second and third layers.
Figure. 5

Charge calibration per photoelectron for fibers 4 through 11. The varia-
tions are mainly due to the gain variations of the amplifiers. A separate test
showed that the VLPC gain variations are within 5% under the same bias
voltage.

Figure. 6

The photoelectron distribution obtained from the cosmic rays passing
through the fibers of the third layer at the distance of 6.5 meters from the
VLPC’s. It shows a Landau-like distribution. This is expected from thin
fiber sampling of dE/dX.

Figure. 7 ‘

The average number of photoelectrons obtained from layer 2 and layer 3
fibers at the indicated cosmic ray telescope positions with the mirror at the
end of the scintillating fibers. It also shows one position without the mirror
in place.



Figure. 8

Typical charged particle tracks. The number of photoelectrons detected
from each fiber is indicated. The tracks are very clean. For these events,
a 0.5 photoelectron threshold was used. There was no detectable cross-talk
between the fibers.

Figure. 9

Two, computer selected, unusual tracks showing that an excessive num-
ber of photoelectrons may be produced within a fiber or neighboring fibers
by the passage of minimum ionizing particles. Delta rays could produce these
excessive photoelectrons.

Figure.10

Fiber tracking efficiency for fibers in layers 2 and 3 as a function of
photoelectron threshold cut. In addition it shows the efficiency if layer 2 or
layer 3 were hit. The efficiency for he half fiber staggered doublet is around
99% . For these plots the two middle fibers of layers 1 and 4 were used as
triggers. The apparent efficiency at the threshold cut below 1 photoelectron,
is drie to some triggers being produced by electronic noise and therefore it is
not a true inefficiency.

Figure.11

Single electron pulses obtained from a VLPC through a fast CDF-VTX
amplifier. It shows a rise time less than 5 ns, with excellent signal to noise
characteristics.
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